1 June 2004 WO 03/ 038981 PCT/ US02/ 03542 DUAL | NPUT AC/DC. PROGISVERBE £

PONER CO\I\/ERTE@%#@DSTECHNI CAL FI ELD The present invention generally
relates to th & bt power converters, and nore parti cul BE1/¥sio03s2 dual

i nput AC and DC to -programmabl e DC out put power converter. BACKGROUND OF.
THE | NVENTI ON 15 As the use of nobile electronic products, such as PC

not ebooks, PDAs, cellular telephones and the |ike, continues to increase,
the new for | ow cost, conpact power supplies to power and recharge these
products al so continues to increase. Mst manufacturers of nobile products
typically include plug-in power adapters along with these nobile products

to help facilitateDUnE PSRET BOppCYPROGRERMABDE bORER SYUSTSRPLS- Today’s
power adapters are typically ACto-DC, or DC-to-DC power converters which

are configured to either step-up or step-down the DC voltage i nput
delivered to the nobile device. Wth AC-to-DC adapters, for exanple, users
can power nost nobile devices by sinply plugging the adapter into a sinple
AC 25 wall outlet comonly found in nost hones or offices. Simlarly, when
only DC -1 1 June 2004 WD 03/038981 PCT/ US02/ 03542 i nput power is

avail abl e, such as in an autonobile or airplane, users can stil

10 TECHNICAL FIELD

| The present invention generally relates to the field of power converters,
anq more particularly to a dual input AC and DC to programmable DC output
power converter.

BACKGROUND OF THF, INVENTION

15 As the use of mobile electronic products, such as PC notebooks, PDAs ,
cellutar telephones and the like, continues to increase, the need for low cost,
compact power supplies to power and recharge these products also continues to
increase. Most manufacturers of mobile products typically include plug-in power
adapters along with these mobile products to help facilitate the power supply

20  negds of their customers,

Today’s power adapters are typically AC-0-DC, or DC~1£0-DC power
converters which are configured to either step-up or step-down the DC voltage
input delivered to the mobile device. With AC-to-DC adapters, for example, users
can power most mobile devices by simply plugging the adapter into a simple AC

25  wall outlet commonly fougd in most homes or offices. Similarly, when only DC
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power their nobile devices by sinply using a standard, off-theqns?he??

DC-to-DC adapter. Normally, both adapters are designed and tailored to
provi de a regwoateskesDC out put vol tage, which typically ran%’rﬁﬁsg%;é%t ween
5VDC to 30VDC 5 dependi ng on the kind of nobile device being powered.

Al t hough these power adapters conveniently provide direct power and
recharging capabilities, users are often required to carry separate
adapters to provide power to each individual nobile device. This often
means that usémmt paver is £ilgHE, siolBdlih kP hRoRERR & afiplafd) Ssdr®barARiAC | NPUt
power source, and another for a 10 DC i nput power source, noreover, users

typical |y car POWRRIREYT probile, pbysimply ysinges standard, pifdhedehelfdG-to-DLs, by

. . 'y 52 % plidiaidel 26 fo-Di
For cbd Lo car ooy o Lot ok s b TRistBhl it b R ibgr y. -

forced to carry nore than one bul

there exists gé}féﬁﬂlffvélfa%WMW@@HW@E@&OMW&B&§M& J0VBC 15 system

managenents pr@éﬂeﬁﬁg%ﬁﬁ%ﬂ&%&‘ﬂi@&eﬁ%ﬁ | @%ﬂla%of the different power
gﬁégﬁnva |

supply components nécessary to power a W ty of nobile or portable
devi ces. Moreover, such a power converter woul d advant ageously enconpass
serving the power Al thesepesvasdansers cativediehthepronide dintut peweteanilces, as it

woul d  suppl Yreghdrbinb@LSanfias put voltage ip response to
ei ther an AC and E%EDﬂnputiu%/%g ggggwégﬁgrcMéWWPGI%er convert
or having rruIprlﬂdéP@Hﬁmteach_tmdinidudlmqbiiﬂsi_eviee.ﬁmisaoﬁehmm thit vee@hape ovi di ng
power to sev arrg‘ﬂm . C of . _varyin ower requirenents,
si mul taneous?{??:l f gar1 %g@ﬁ%qs% %{Oﬁg?%t%pﬁﬁgﬂ@s%e&f&@ng@ 8r DC. 25 -2
1 June 20tk DC input power source, moreover, users typically carry multiple adapters to

power multiple devices. Thus, by carrying more than one device at a time, users

of mobile product users are forced to carry more than one bulk power supply
adapter.

. Accordingly, there exists a need for a power converter that resolves the

15  system management problems associated with carrying all of the different power
supply components necessary to power a wide variety of mobile or portable
devices. Moreover, such a power converter would advantageously encompass
serving the power supply needs of several different mobile devices, as it would
supply a filtered and regulated DC output voltage in response to either an AC and

20  DC input voltage. Moreover, by having a power convert or having multiple output
terminals, users have the ability of providing power to several mobile devices of
varying power requirements, simultaneously, regardless of whether the input
voltage is AC or DC,

25



VO 03/ 038981 PCT/ US02/ 03542 SUMMARY OF THE | NVENTI ON The presonl® 2avent i on
achi eves technical advantages as a power converter capabl e of supplying
dual DC out pwo mebtosges derived fromeither an AC i nput vddmagezeissa DC

i nput voltage. The power converter can be externally 5 programmable to
cover- a wi de range of voltage and current conbinations, suitable for a

w de variety of nobile product offerings. Mreover, the power converter

al so resol ves the managenent probl ens associated with having several

di fferent i riBANVEORY OFFEACINEENEDIGNSary to power a wide variety of nobile
products. By having dual output voltage connections, nobile product users
can si nul t aneous| {he pregemtenventidit dchiceesriedhinicel aliwuitags aph pydsrtonerRpWer
specificatio 5 -3 n 004 WD.03/Q38981, PCT/ US02/ 03542 In
accor dance W@?%abgenofég%élglpg gf‘alﬁ(;oﬁﬂ'éé’ ﬂﬁ?ﬁ?ﬁ deriyed tom Gither g AGdBPY power
converter, cooiagesk a@C iphi voitass: i THoWolveEQRYEdricRTbSEkidfaliynPUt Vol tage to a
first DC ut%%;t ..vol Lage, 5 a secon gi,,._rcuit :converting a DC input voltage
to a secohd BCEPHhe iR averaywide sange ghvolises andureent eombieations, sgjtablee fi r st
and second Draubidevaéy bAREBileH6duct Sfferings. Moareaver, the power converter

also resolves the management problems associated with having several different
interface components necessary to power a wide variety of mobile products, By
having dual output voltage connections, mobile product usezs can simultaneously

10 power multiple mobile devices of varying power specifications.

15
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response thereto, providing a selectable DC output voltage at aef‘l rst

output, wherein the selectable DC output voltage is established as a
function of womeamyabl e program nodule. -4 1 June 2004 V\D&%/l%ﬁt%ggz
PCT/ US02/ 03542 BRI EF DESCRI PTI ON OF THE DRAW NGS Advant ages o
invention and the specific enbodiments will be understood by those of

ordinary skill in the art by reference to the following detailed
description of preferred enbodi nents taken in conjunction w t h the 5
drawi ngs, in whi dn:acFirdence with sinesimcieofthe dhvetiiad there 3 pa a pdit AC and

DC power C%iﬂféﬁeﬁr havi n F% dual DC voltage outputs in accor a ce wth the
present inventio 1B shows an expl oded view of the converter with

the detachabl e JaOﬁbddCéirc%itr@dﬂvEmn varﬁc%nﬁllll_ko Faegest% %&ti}‘ﬁ agr am of the

power converter circuit as illusfrated in twith the
pr esent i nvéRitagm: and Fi gure 3 shows a detai I ed schematic diagram of a

DC-t o- DCspuck ¢ cwt In a rdance; with the present invention;
and 15 -5 1June %8%%6%0 %‘§§’§T%ﬁ9§92’/”®3’5 Wage to a second DC output
voltage; and
an third circuit receiving the first and second DC output voltages and, in
response thereto, providing a selectable DC output voltage at a first output,

wherein the selectable DC output voltage is established as a functlon of a
removable program module.
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DETA! LED DESCR! PTI ON OF THE PREFERRED EMBODI MENT The numerous' mnauati ve

teachi ngs of the present applications will be described with particular
reference to ntly preferred exenplary enbodi nents. However, it
shoul d be undg}rzjsets%ﬁﬁfhat this class of enmbodinents 5 provi d&I/BAEESER f ew
exanpl es of the many advant ageous uses and innovative teachings herein: In
general, statenents nmade in the specification of the present application
do not necessarily delimt any of the various clainmed inventions.

Mor eover, sorrqg;&mtgggmf;fﬁypl;%ﬁp thRﬁ laventive features, but not td
others. 10 There is shown In igu@éml a%@g di agram of a dual i nput
AC/DC power converter 10 having dual programabl e DC vol tage outputs in
accordance with tH¥vantasssafthe iventidnomd iRy speifia binbodimbes etidhe | Nnput AC/ DC

power convert @fidek& &%Eé .converter.circuit 20 having an
AC-to-DC converter 22 a %ﬁ%{%}%ﬁgggﬁgﬁﬁ@gﬁ%@pﬁwﬁﬁ O¥&&dback circuit
26, a filter Epteded desorptionof preP@et embbdifEnts takien GOMMRIERS ik thEhe POwer
converter girguihin Oiﬂv?hiét?en housed in housing 13 and advant ageously

provides a first progrannabl e DC output voltage at DC output terminal 16
and a second programmabl e DC output voltage at term nal 18. Both of these

DC out put vol t ages¥igete lfeshgemebidck disgeanaof 21ed ingik Af RODE Aeand DC i nput
vol tages. 20 i t -1 0- converter 22 receives.an AC signal
via i nput te?drﬁvﬁgﬁr‘%%hgﬁﬁa‘%‘v’%é%0%1%}?@¢%?°39@an%@m&nxesw tage at node
N1. Sinilarl yinvesfon; DC-t o- DC booster converter 24 may receive a DC input
voltage at its input via input termnal 14 and may al so provide a

regul ated DC out pug; I 1. Input termnals 12 and 14 are
integrated into a si%llg%ggwm%n%goﬁﬁ@l&eﬁo%ofﬁ@ﬁ ctaghelfler ent power

cords adalft edbucts cirewitsi ve i nput power fromdifferent

Figure 2 shows a schematic diagram of the power convetfer circuit as
illustrated in Figure 1 in accordance with the Ppresent invention; and

Figure 3 shows a detailed schematic diagram of a DC-to-DC buck
converter circnit in accordance with the present invention; and

15
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sources are received by the common connector 17. For instance, power
from-6 1 June 2004 WD 03/038981 PCT/ US02/ 03542 an airplane or car power
source are w ouple to input 12 and AC source is wred to couple to
i nput 14, |n‘Z§g¥?§%§ed enbodi nent, the AC-to-DC converter PSYUPRAEYInt ed
to generate a DC out put voltage of between 15VDC and 24VDC in response to
an AC i nput voltage at termnal 12 rangi ng between 90VAC and 5 265VAC.

Li kewi se, the DC-to-DC booster converter 24 is adapted to provide a DC

out put volta \ﬂilg | ' I ¥ Riﬂﬁﬁ : rter 22, but
which is ge%gF'ate ﬁpnﬁgggg?)ir,\?grt:?ﬁay ﬁ%%ﬁ%" VO tgg?%%g?% at 1 nput

termnal 14. Pref ol J%idos 24 | ted to
receive a vol tage ',Iﬂ%é %ero.ranggﬂg&%&ﬂ%&iﬁ@@%ﬁ%&g@&%@g\?%@ﬂ%

Advant ageous| §escrt@dtvitingrideniay eeferenns, to i présanthyCpreferBCexammplayt er 22, al | ows
users of the : i | . [ ces, such
as a |laptop c%&%@%&éﬁ &M%‘gﬁﬁ%ﬁ&%d Qﬁ]e}tgﬁ %@gﬁsﬁggﬂn{ég‘i@% as in the
honme or of¥ i cgrovifles ondy atipl exan@esvé theahany atlhatdgEotsaseMadbamshidve converter 24
of the power gonverter.10 is capabl e of weri ng sim.lar..,high-power

devi ces by sttgﬁ%%@&ge@g@@%@#ﬂ%@&{@ﬁ ?ﬁ‘ﬁ %ﬁﬁt@?pgﬁ%‘ﬁ as 15

t hose found iapplicdtiondbinoenaagdidly delitilaaynef the vardous eRihel infaitishown, filter
circuit 25 h its input tied to the_ res ect,ive,ou%eguts of the converter
22 and 24. | nMQreVeEs MILHAtERERI AL APLY topeme; InYHve feptutes: but 80U apt ed to

provide a filgdtpé&red DC. output voltage at second node N2, which, thereafter,
feeds output term.nal, 16, at _an output power of 75 watts, for exanple, 20

The si ngl ¥ f eedbackiers isshgwn Bdigue LA e gn of Ayl gt AGRCof filter

power converter 10 having dual programmabie DC voltage oufputs in accordance

with the present invention. Preferably, the dual input AC/DC power converter 10
.comprises a power converter circuit 20 having an AC-to-DC converter 22, a DC-
t0-DC booster converter 24, a feedback circuit 26, a filter circuit 25 and a DC-to-

15 DCbuck converter 28. The power converter circuit 20 is seen housed in housing
13 and advantageously provides a first programmable DC output voltage at DC
output terminal 16 and a second programmable DC output voltage at terminal 18.
Both of these DC output voltages may be generated as a function of both AC and
DC input voltages.

20 In operation, the AC-to-DC converter 22 receives an AC signal via input
terminal 12 and provides a regulated DC output voltage at node N1. Similarly, the
DC-t0-DC booster converter 24 may receive a DC input voltage at its input via
input terminal 14 and may also provide a regulated DC output voltage at node N1.

Input terminals 12 and 14 are integrated into a single common connector
25 17 such that different power cords adapted to receive input power from different

sources are received by the common connector 17. For instance, DC power from
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circuit 25 at node N2. In a preferred enbodi nent, the feedbacﬂuﬁ% C?FCUIt,
t hrough a single feedback | oop, regulates the voltage |level of the filtered

DC out put voksipgassegener ated by both converters 22 and 24. p&ggﬂfstﬁl onal |y,
the feedback circuit 26 is adapted to receive a renovabl e ?/ﬂ"i"’ﬁ’g

nodul e that 25 all ows nobile device users to provide a sel ectabl e DC out put
vol tage at output 16 via node N2. The programm ng nodul e conprises a key
15 conprising a resistor, wherein different associated val ues of the

resistor estaldfindof E£H6RE: SRR GAHiRA to Zo&p%%ﬂ?;%nB@R%FNPA@%&%@%Bl

PCT/ US02/ 03542 out put “vol tages at output " al lowm ng users to

sel ectivel y cwizatkfe coude toinputddeln eaeddotedfenibiodingent, ther AG-BD Chesmperterv ol t age,

t he power co ss YT K& f erent

nobi | e el ect ?\gﬁilg %‘?gﬁée@&%g?,%’rﬁ%%})ﬁgﬁlwp%lﬁa ﬁfe? asg%cll%{]je(ga%do%\éﬂ?%ui rements.
Mor eover, t heegpongrio@odeinpwrvolagkGit frrmipmhiAwanging berorded $0V R aad so be adapt ed

to provide t |tional fu ' f output curren limting. The

0 For bC Buc ks ie i ssg i BE-orBc ot Bitasfbdd Bhtaned B0z ou di ng
second DC outm@buipot $cigge Whish is sibstheially siehilaPtoGhitpl torivedtéri 22abutkfhich havi ng an
out put power ,of 10 tts, for ex&r}gl e. g{eferably . buck Qoariv?irter 28 10

di screetly st®BERCHHDTFRROLE I 2PEJRRE VY &eéﬁ%?l%fﬁéhﬁla‘éﬁﬁﬁ"é% d4second DC

out put  vol t 39efembly2 DEERADO bEostl toitertbeI 4tk BdptckiBo rdoBive a ¥BltAf!iR theembodi MENT
t he buck converter 28 steps down the filteréd DC output voltage to a

;range of abdegepybetvwegh il iBGped 166N PdgestasPsly. vHi-to-RECoRBeIB o ut put
vol tage genervsl A¢.MnC ERUALL! iRk BIGRSORENnAlcr POED st ant i al 1y

| ower than the DC output 15 voltage at termnal 16. This ws users of
the present ibighepawemnabile dexigss, syeh as a laptop computer wherever AC input power

is available, such as in the home or office, for example. Conversely, the DC-to-

DC booster converter 24 of the power converter 10 is capable of powering similar

high-power devices by stepping up most low amplitade DC input signals, such as
15 those found in automobile and/or airplane environments.

As shown, filter circuit 25 has its input tied to the respective outputs of the
converter 22 and 24. In a preferred embodiment, the filter circuit is adapted to
" provide a filtered DC output voltage at second node N2, which, thereafter, feeds
: 6utput terminal 16, at an oufput power of 75 watts, for example.

20 The single feedback cirouit 26 is shown coupled to the output of filter
circuit 25 at node N2, In a preferred embodiment, the feedback 26 circuit,
through a single feedback loop, regulates the voltage level of the filtered DC
output voltages generated by both converters 22 and 24. Additionally, the
feedback circuit 26 is adapted to receive a removable programming module thet

25  allows mobile device users to provide a selectable DC output voltage at output 16
vianode N2. The programming module comprises a key 15 comprising a resistor,

wherein different associated values of the resistor establish different associated

-



: : 1 Jyne 2004
only a hi gh-power peripheral, such as a | aptop conputer, but also,
second, | ow power peripheral, such as a cell phone, PDA, and the Ilke

Moreover, thewy@megl; | nvention allows for these peripheralggh$ ?&3 mered
simul taneously by a single converter, regardless if the |np gt

AC or  DC. The buck converter 28 is 20 physically detachable fromthe naln
housing 13 as shown in Figure 1B, allowng different buck circuits

provi ding different output voltages to be selectively attached to housing

13 and tap th@D@uqmtw{agMb@g@tfsr ra# #e?.{tﬁ' Eig‘étwl Ref r| ng now to

Figure 2 there sﬁigoe\)gn sc hemati c ?ter circuit
20 of the dual"olH rDQa@lﬁmétmoaagelﬂle@sw%code@i@uemajyrbeF| gure 1in
accordance W taas8d R %;rpp f, ent .Jinyenion.

descri bed herei nﬁlen gr eat g?&cfet aleaﬁ%ﬁgm&%ﬁlee?wggﬂ?}g?‘?‘éqs ]?ﬁVF“cEd{ﬂtferQ‘@ in-81
June 2004 WO Gg?mmmmmqmmmmempmf@wwbn@m@ m@%c gy | ses

t hree sepakat g, rter, boost
converter 24, an g I%ai 85@.‘? @g%tégéocﬁ{oﬁﬁ\l@re 3’9%9 %@ﬁ?@lw@m&mwhe
AC-t 0- DC powe dimiingert er 22 includes a true off line switcher which 5 is’
configured in a fly-back topol ogy. Full-wave rectification of an AC i nput

signal , received aty} pput curs, using.a full wave bridge -
rectifier BDl and a P%lutto ﬁéégg&;%flfr%%r&?ﬁam Tgppt cpuplediat ngdeR¥2y ol t age bus
from whi ch t heroviding %S@pnd)béroatpﬂ:svoltagd Bt Bithdal fofof R ti’b‘iiﬂjﬁa% pal BAG
filtering of g 3&1&@ e%%ll? a&the Si naI has been rectifiéd through the
ful | -wave bri Hing ”’u PPyE S E praEle Prefersbly, hudk seaverter 3 n
control | ed0] C@lscmeﬁy sjepﬂsddwaﬂaeﬁlwﬁd BOvolEd&nd Bkﬂdﬁé‘es Wseloha Brépghior (PYW) .
Mai n controll%lt g | s al onfigured to have
age at a Separal e output te 18.Ina selected embodiment, the buck
converter 28 steps down the filtered DC output voltage to 2 range of about 3VDC
and 15VDC. Advantageously, this second DC output voltage generated by
converter 28 is independent of, and substantially lower than the DC output
15 voltage at terminal 16. This allows users of the Ppresent invention to power not
only a high-power peripheral, such as a laptop computer; but also, a second, low-
power peripheral, such as a cell phone, PDA, and the like. Moreover, the present
invention allows for these peripherals to be powered simultaneously by a single
‘converter, regardless if the input voltage is AC or DC. The buck converter 28 is
20  physically detachable from the main housing 13 as shown in Figure 1B, allowing
different buck circuits providing different output voltages to be selectively
attached to housing 13 and tap the DC output voltage from output terminal 18,

Referring now to Figure 2 there is shown a schematic diagram of the
power converter circuit 20 of the dual input AC/DC power converter 10 as
25  depicted in Figure 1 in accordance with an exemplary embodiment of the present
invention. As described herein in greater detail, the power converter circuit 20, in
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si ngl e-ended output with totem pole driver transistors coupled thereto. The

AC- to-DC power converter 22 has a nain power switch QL which drives the

mai n  transf oyRpkeIdeg: | N @ preferred enbodi ment, the transf |
Schottky diode 15 D11, and filter capacitors C24 and C25 co%%omgmpzr ovi de

the DC output voltage at node Ni. As noted earlier, filter circuit 25
allows for additional filtering of the DC output voltage derived from node
Nl. The filter circuit 25 itself conprises inductor L3, capacitor C26 and

t ransf or mer Nﬁqareféad&thﬁﬂﬁﬁﬁﬁm)cbmpg% thalch Ee%%xa%Q:oﬁerekH't: %acﬁt%-]?g%%&e s a

filtered DC OUtBEUt g‘% e at output 16 having |ess
peak-t o- peak HBHEEe %SI"@?“W@W‘@%MD@MM buk@pntdneo2gh a singl e
f eedback | oop, is capable of regulating the filtered DC output voltages

provi ded by thC-ayonpercoNnyEIErgRd 24. The feedback circuit 26 is also
adapted to be coupled to a renovabl e 25 programm ng nodul e having a key 15,

conprising resi stoi Rgé.t iicnsuch, the -9 1 June 2004 WO 03/038981
PCT/ US02/ 03542 pr eSBECriRHEnPowsH canyesizs 22 iweludesiadruecfbling syatchemwhogh am t he DC

out put vol § agés dOﬁﬁ@ﬁedantC@-Uzﬁﬂt@HoldE%M-whﬁfgﬁﬁﬁ’éaﬁér?ofagpfc%@% back circuit
26 includes a ,phgt ocqQupler circuit conprising a palir of photocouplers PHL

and PH3 conne » JEFPL gpu{ ternpinal 125 pesursawing adulbwabebrdgeaeaiifieed t o t he
out puts of opeDAtang it bdidole (A - dvan ously, these
phot ocoupl ers are arraﬁgée% étfoogﬁ’s?%gﬁge%%tg%glgé%ﬁéﬁ%ug 0{:}1@}11?:‘3 back circuit
26. Addi t i onafW¥ichet spsratesetngnetrr ki o&ers nddidonet EME filteding/of the A signes t he

filter ?d DC opftd? e o/Hat REBRDRBEE AL HDulY B %lnwggent}/r?d’g%.efhse £E5BE 24
10 converter 22 also includes a main controller IC'1 configured as a current mode
pulse-width modulator (PWM). Main controller IC1 is also configured to have a
single-ended output with totem pole driver transistors coupled thereto. The AC-
to-DC power converter 22 has a main power switch Q1 which drives the main
transformer T1. In a preferred embodiment, the transformer T1, Schottky diode

15 D11, and filter capacitors C24 and C25 corabine to provide the DC output voltage
at node N1.

| As nofed earlier, filter circuit 25 allows for additional filtering of the DC
output voltage derived from node N1. The filter circuit 25 itself comprises
inductor L3, capacitor C26 and transformer NF1. Adventageously, the filter

20 circuit 25 produces a filtered DC output voltage at output 16 having less than
100mv peak-to-peak noise and ripple.

The feedback cirouit 26, through a single feedback loop, is capable of
regulating the filtered DC output voltages provided by the converters 22 and 24.
The feedback circuit 26 is also adapted to be coupled to a removable

25  programming module having a key 15, comprising resistor R53. As such, the



t hrough a single feedback | oop. In stacking the photo-coupl e1rglfnet ﬁgo?)resent
- invention also allows the power converter 10 to nmaintain proper

i nput / out put #@ d3Begt i on bet ween respective termnals 12 ag% é{é and out put
termnal 16. Preferably, the output current limting functi & OP¥GAert er
22 is- acconplished via integrated circuit | C4A resistors R33, R37, R38,
and R39 and programm ng resistor R54. Over voltage protection of AC-to-DC
converter 22 is achieved using 15 photocoupler PH 2 and zener diode ZD2. In
a preferred Qg TR Bition 28 ' | at..when in
aval anche node it causueszat ﬁgﬁ ?}Qgﬂg?glte %?%}s%pz%g%g%ft%\%fé?g?ﬁg (;eltra%%a erto bi as
transi stor QUEPRVel & patpahienrineld 6. Whefesdhack eirquit@6drrludss apbotocoualesi st or (B

pul I s | ow pi Neil..@f.-i At t.h rating duty
Pl e of 1 he fucoBloohBHERE bREoRAdBliEs phit bl P BiteRieh AeBPR) "0 L
vol tage to O Siadleg), eath boingwhunied todhesmupuis ofdbeiatiomnh amplifiers IG4-Aran@? i s al so
forced on [ h forc t hese.,t transi stors .beco atched. |If
transi st oréé\lh 'ﬁa'n%ﬂaE& e a&‘%’f?é’&" qcﬁ%?rs o °n§§er‘l68@°e? d in order
for the powerloopofithefdedback@irtuit 2®: Additedillothagadback dbonittdd ckficleriy 2004 WO
03/ 038981 DC-TO E PCT/ USQ2/ 03542 The -t 0-DC converter 24 is
configured i n“’ﬁ“‘%%g%wtﬁfgﬁ@wﬁw Og?geﬁigﬁ@éate‘{]WebD%%éﬁ@vﬁﬂﬁa 284 24 egr at ed
control ler, |thbughs siuglededddackdoys h Shcldids the Phéthollers,Qhe ples@onverter 24,
gie e g thé Phdth-@ouplers,Ghe ples

transi stor 8 acths 215 %ﬁue. in power switch and diode D6 as the
mvention aiso allows the power converter 10 to maintain proper input/output

10 isolation between respective terminals 12 and 14 and output terminal 16.

Preferably, the output current limiting function of converter 22 is
accomplished via integrated circuit IC4A, resistors R33, R37, R38, and R39 and
programming resistor R54.

Over voltage protection of AC-to-DC converter 22 is achieved using

15  photocoupler PH2 and zener diode ZD2. In a preferred embodiment, zener diode
ZD2 is set at 25V such that when in avalanche mode it causes the transistor side
of photocoupler PH2 to bias transistor Q1 into the on state. When it is the on
state, transistor Q3 pulls low pin 1 of integrated controller IC1and pulls the
operating duty cycle of the integrated controller towards 0%. This takes the DC

20  output voltage to 0 volts. Also, when transistor Q1 is on, transistor Q2 is also
forced on which then forces these two transistors become latched. If transistors
Q1 and Q2 are latched, input power must be recycled in order for the power
converter 10 to be tumed on again, '

25
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5 main rectifier. Preferably, inductor L2 is adapted to function as a power

boost inductor, which is conprised of a toroid core-type inductor. It

shoul d be undgyshees t hat the cathode | eads of diodes D11 D8 are
connected, formng an ORed configuration, requiring only o%g%%%%?“

filter. Advantageously, this elimnates the board space needed for a
second set of filters capacitors. 10 Like the AC-to-DC converter 22, the
DC-to-DC converter 24 is also designed to operate at a frequency of around

80KHZ. For t heD&FO-HOCONVERTER' 22, the operating frequency is set by
resistor RI3 and capacitor C7. Likew se, the operating frequency of the
DC-t o- DC converter R28 and capacitor C28. 15 The

4 e t by resistor
DC-t o- DC converter@ﬁDﬂthﬁJ@ ‘éﬁ%ﬂﬂéf" Dmgt@é@lﬁbmsétﬂppbmendms

conpri si ng zerls sattie it o BRegrhies bokANeE, 2 15, and
si licon-cont rg:}aﬁed rect | fi egrr SCl . Zeﬁer 5%5‘&1 %‘%ﬁhhﬁ %}9@ ol t age
protection P ipaugistor Qspﬂﬁféﬁe?b&ma;n merawasmmae}n@wdhby there
IS no currént maﬁﬂﬁ&ﬁﬁw pgﬂ% however en zener diode
ZD2 begins to,20 conduct. gurggnt &bﬁﬁ?& éﬁ P&‘é"“ﬁeﬂgwgo‘ﬁ Pfti cant enough
to bias transﬂ%dPgPr’@“’hdﬁmﬂpimSBdmf,]atonsdcm’e-ltﬁremauctcﬂr Tishadldbygh, and thereby

turning sili Cgﬂdei?s%Hdrtﬁ’dtltﬁéjcaﬁoﬁgiea&é c%rdb?%cgpgpa?% B SI AR gqgngggL | C2 | ow.

rectifier SCl. is on
Thus, if pin PbPRede @@gaxagau,mmmmgmyoﬁecwpmﬁltWAMﬂa gy ipidr i vers

thereof are f Q68 t ut |l e of 4% thereby 25 producing a
DC out put vol tagegtgéﬁggg%ﬁséa%g?‘ eﬁfﬂ?% aysﬂ?f%'aﬁ? e?é@étﬁ"s‘l"??a%tﬁ@ silicon:

controll ef rectifier SC1 functions as a power latch circuit that requires
that input?-11 1JdJsike tho dC-aEDO3HBBRBI2, the DC-t0-DC converter 24 is also

designed to operate at a frequency of around 80KHZ. For the AC-to-DC converter
22, the operating frequency is set by resistor R13 and capacitor C7. Likewise, the
operating frequency of the DC-to-DC converter 24 are set by resistor R28 and
capacitor C28.

15 The DC-t0-DC converter 24 includes an over-voltage protection circuit
comprising zener diode ZD2, resistor R23, R24, R48, transistor Q415, and
silicon-controlled rectifier SC1. Zener diode ZD2 sets the over-voltage protection
pomt (OVP) which is preferably set at 25VDC. Generally, there is no current
flowing through resistor R48, If, however, when zener diode ZD2 begins to

20 conduct current, the drop across R48 is significant enough to bias transistor Q6

- on, pulling its collector terminal high, and thereby turning silicon controlled
rectifier SC1 on. When silicon control rectifier SC1 is on, it pulls pin 1 of the
integrated controller IC2 low, Thus, if pin lof integrated controller IC2 is low, the
output drivers thereof are forced to operate at a duty cycle of 0%, thereby

25  producing a DC output voltage of 0 volts at pin 6. Advantageously, the silicon
controlled rectifier SC1 functions as a power latch circnit that requires that input

11~
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PCTI US02/ 03542 power be recycled in order to tarn on the pomeru%eor%\c/]g‘r”ter 10
If a voltage above 25VDC is detected at node Nl1. The tenperature of the

housi ng 13 of wid®/pswer converter 10 is nonitored using at
I f, for exanple, there is a corresponding increase in the 5@@3?’g§ﬁe of

the housing 13, it will result in a decrease in the resistive value of
therm stor NTC3, thereby causing transistor @ to turn on and pull ow pin
1 of integrated circuit 1C2 of converter 24. Mreover, this causes the

phot o- coupl er pow%etr@ybedm @a@do%ﬁ%ﬁ%éﬁweﬁédnwa&& 19 ﬁ@%&i& EhpRMI
conprising tra stors and that will shutdown the power converter

22. In additi ag. ter's 10 10therma| protectlonfeaturels
adapted to operate regardl ess of whether an AC or DC input voltage is

bei ng received at Tﬁbﬁtbﬁlpér@ﬁﬁf‘&tﬂléfﬁodsﬁl@i@ o?ﬁﬂéﬁf:b%ll SonvEG@YD%s RoSpUs 2

detail ed schematic di agram of converter 28 1n accordance
with the presBHig WWM%HTC%@ ﬁanef@rra)émﬂereueﬁ cgeesnaedmamcremeegm ed

circuit comt r ghlnsfaklofihe ﬁbmﬂnéalc? ft%ﬁ%l‘?(ﬁfxf&e&e%rége A%6: l%élishwuafiﬂ oS 15

adapted to generate an on-ti 6 10 POWer transisror Switc ch QL.
The oper at i nierpiggidREs, fbﬁrebjomusmglt@nsmtﬁl@tptemtonmpdqmﬂm pmrlof)6 which is

et ween pins. pdbiiuf iC GPoindtoR Mres s dho Mo et o Fone.
conprises a SBHZ)tOtbqblasdﬂ emmlghm@iaduyatetallﬂdscmt'bompnbiﬁg thusikgors Qldu@t or L1 is
Verr] Fuge o2 MR ERAB s RitRoRialy B it BoPurt SR Rl o
power tratbi sIQ)the@hl pratatiion fatrajyadustd/to operaeiregaidleds of aihbthef £ ACot ON t O
Duck: conve"  Shotfy bR FRor i BB bl SOy o T 29 1
recei ves the filtered DC out put
Figure 3 shows a detailed schematic diagram of the DC-to-DC buck
convetter 28 in accordance with the present invention. The buck converter 28 has
aﬁ integrated circuit controller IC1, similar to converters 22 and 24, which is
15  adapted to generate an on-time duty cycle to power transistor switch Q1. The
operating frequency of controller IC1 is set by capacitor C6, which is coupled
between pin 4 of IC1 and ground, and resistor Rl; which is coupled between pins
4 and 8, In a selected embodiment, the diode D1 functions comprises a Schottky
diode and functions as "catch" diode. Inductor L1 is a output power inductor and
20  couples the gate of power transistor Q1 to Vo Fuse F1 is shown coupled
between Viy and the drain terminal of power transistor Q1, and advantageously
provides current protection to buck-converter 28.

Furthermore, the input Vi, of the buck converter 28 is coupled o the
output of filter circuit 25 at node N2, wherein Vi, receives the filtered DC output
25  voltage therefrom. In a preferred embodiment, the buck converter 28 provides a
second DC output voltage at Vi, coupled to output terminal 18. Advantageously,

«12~
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25 voltage therefrom In a preferred enbodi nent, the buck converter

provides a second DC output voltage at V[err], coupled to output term nal
18. Advant agegisiahsgezd2 1 June 2004 WO 03/ 038981 PCT/ US02/0 he buck
convert 28 discreetly steps down the filtered DC out put vol ?"273@35%{%?542
provi des a second DC output voltage at output terminal 18 which is

I ndependent of, and substantially |ower than the DC output voltage at
output termnal 16. Likew se, the DC output voltage of the buck converter

28 enabl es us | I - ‘ es, a PDAs,
and/or sim!|l arﬁfe%hl?#g@g@%ﬂ?&gﬁ@ﬁ#%&Sdg%ﬁé%eﬁg%?eﬁ% ?Wgﬁ%%lmgﬁﬁembuck convert
28 may al so begroyiflepe serond Dl aniud soltege BOUiWE pumingbl § whish &t indepepdent t er mi nal
18 rangi ng be . | ' | ne a function of
t he chosen va%%?%?u%}/@%@?&%\l{%ﬂs%%ﬁﬁrﬁﬁﬁg¥&|Loa§? gf%uﬁdg&e%%gfﬁdonver ter 28,
with a total pikeisedihbDleoupuifroltikewdilidpclf @amverkadplepabldsGisés lgw-evi ousl y
nmenti oned, .t he buck ,converter 28 be ho d in, a separa det achabl e

or ogr am moiul BOYHBErBRaR Ut aser eellHioRes B DA sHTREARLHAIEES out put

vol tage at telnd seidcteli®nitddindnt fltd hudl cétfved DB bhtiyalo beadgredbeibvileck converter
nodul es. ‘Thou%h t he invention has bheen described with respe fo specific

preferred 15D&AVGRNE velnss at oulpyt torminel 18 paging RewssmPVPCARAdAYDS: 1 | becone

apparent to tfaegvelidieffinkdad Hmdich HRRRISRATHRS of NGisRE RIS ARR] | cat i on.
It is therefore the intention th he appended clainms be interpreted as

at t
broadly as poBatignler huck gonsiprter28; weh pitqtepowss deliveryi ofdP vendts.fpy exgurele.
vari ati ongpangds pReHduk5HdrfBRed, #1 buck converter 28 may be housed in a separate,

detachable program module that enables users to selectively-program the DC

output voltage at terminal 18 as a fimction of different associated buck converter

modules.

Though the invention has been described with respect to specific preferred

15  embodiments, many variations and modifications will become apparent to those |
skilled in the art upon reading the present application. It is therefore the intention

that the appended claims be interpreted as broadly as possible in view of the prior

art to include all such variations and modifications.

20
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1 June 2004 CLAIMS 1. A power converter (10), conpri sing: anéJgP%i%Pgﬁ
circuit (22) converting an AC input voltage (12) to a first DC out put

vol tage; a second circuit (24) converting a DC input voltage (14) to a
second DC output voltage; an third circuit (25) receiving the first and
second DC out put voltages and, in response thereto, providing a selectable
DC out put voipsige at a first output (16), wherein the sel ectable DC  out put
voltage is established as a function of a renovabl e program nodule (15). 2.
The power converter of Claiml wherein the first circuit and the second
circuit receive their respective AC input voltage and DC i nput voltage at

a common singl e £epRELRY ; .ne _power converter of Caiml wherein
t he renovabl e progr am nodelffegzl)(%’r?%}npgggg'a passi ve conmponent (R53), wherein

the sel ectabl e QG ouULRWE L . ] nction of the yalue of the passive
conponent. 4. The power gggvé@%g?ng.cs??%é%P%??maéaﬁ?af m%@&ﬁpvf?‘;loé@%qﬁpngnt
cirout t i nol ydes pASERAPRAREBRALS bl et e liomeoeminad oppwcneingeand
t he second rcuit, the feedback circuit regulating the first and second

DC out put vol taggs; enerated by the respective first and second circuits.
6. The power co é‘P{%ér’mBlﬁ(@a@mv&g&ﬁheﬁmtmdtdemﬁdmmmx‘bﬂtﬁé‘ddiaﬁd,%ma%énigs a

si ngl e f eedbaed, prbd _ The r .conyerter of Cal
wherein the first aﬁ%gg ﬁégﬁ%agg%%ﬁtz’ m&%ﬁeta&gg\ég? qyigat d&)ﬂﬁ%ﬁm@ sejectabls REMe

and are pr QYiPYEYPltage is cslablinbad proingtidn)of agemdVablappogemassniiy gy, of Caim1l
further conprising a fourth circuit (28) coupled to the

2. Thepower converter of Claim 1 wherein the first circuit and the second circuit receive
‘ their respective AC input voltage and DC input voltage at a comumon single connector (17).

3. The power converter of Claim | wherein the removable program module corprises a

passive component (R53),_ wherein the selectable DC output voltage is & function of the value of
the passive component.

4. The power converter of Claim 3 wherein the passive component is a résistor (R53).

5. The power converter of Clairh 1 wherein the third circuit includes & feedback circuit (26)
couplgd to the first circuit and the second circuit, the feedback circuit regulating the first and
second DC output voltages generated by the respective first and second circuits.

6. The power converter of Claim 5 wherein the feedback circuit comprises a single feedback
loop.

14
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third circuit and providing a converter second DC output voltage at a

second output (18), whereby the converter second DC output voltage is

| ower than the sel ectable DC output voltage. 9. The power converter of
Claim8 wherein the fourth circuit (28) is selectively detachable fromthe
rest of the converter (10) allowing different said fourth circuits to be
coupled to %he Ln.di.fferent, said conyverter second DC
out put vol t?a es.!l.ﬁll%g%%ﬁ(gorngéﬁ%(raPE::ga?Wér‘}flbefe%ﬁmérgia EecRpE P& tuh o ltages are:
circuit co $t§;‘§-§llﬁth§@amoaﬁl?arblpﬁdwidedﬂﬁlueélhﬁbnﬁbwcgl\ﬁb.ng t'he converter second
DC out put voltage. 11. . The power converter of aim 10 wherein the

DC-t o- DC buck converter is adapted to provide the converter second DC
out put voltage of between 3VDC and 15VDC. 12. The power converter of Claim

8 wherein the c die epvercosegten df Claim U thther ol 4 frurth BESRKD {

sel ect abl e%a&g% I%L,;ﬁ%e cobDartar1e ﬁﬁi‘ﬂ converter of C aigber# p@%teortg?n
the sel ect a%ewﬂéqlfﬁut Vo1 T SPEC 5% i vplage abe easandamtpuit )t
vol t age ar éVisraoyi nipgrter berond DOasuiut volkdgy id I8Re0musd

converter of Claiml further conprising daﬁafi lter ci rgtﬁ%fécr?b-z[g?cgbgg%g‘é%}tag%
filter the first and second DC out put voltages and provide a respective

first and second filtered DC output voltage at a common node (N2). 15 |

June 2004 P5. TRbe powsconsnveot Glaino8 whbninthd fothR cRbM (fzbﬁisfsélkéﬁ%egd hible
r converter O arm 15

conpri ses ; P rt.er., The .power. ¢
wher ei n th?sec%%ﬁ@%%“‘ﬁ%@i@%ﬂ?ﬁ%’? apdoysth. circpifs e be epupladno thene
power conv EPRVEReTdP oblain diffaréntaidroahverteh sscoit DCdYEHut Gsltagekd- t he down- converter
are switching converters operating. at the same frequency (so KHzZ). 18.
The power converter of Claim.1 wherein the first circuit conprises an
AC-to-DC f!lgbac,lg11 ' ) .

. e power converter of Claim 8 wherein the fourth circuit comprises a DC-to-DC buck

“converter providing the converter second DC output voltage,

11. . The power converter of Claim 10 wherein the DC-to-DC buck convetter is adapted to
provide the converter sccond DC output voltage of between 3VDC and 15VDC., -

12.  The power converter of Claim 8 wherein the converter second DC output voltage is
independent of the selectable DC output voltage. .

13.  The power converter of Claim 8 wherein the selectable DC output voltage and the
converter second DC output voltage are provided by the converter simultaneously.

14.  The power converter of Claim 1 further comprising a filter circuit (25) adapted to filter

the first and second DC output voltages and provide a respective first and second filtered DC
output voltage at a common node (N2),

15
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converter adapted to provide the first DC output voltage of betmeegoﬁSVDC
and 24VDC, 19. The power converter of Claim 18 wherein the second circuit
conprises a DC-to-DC boost converter adapted to provide the second DC
out put voltage of between 15VDC and 24VDC. 20. The power converter of
Claim1 wherein the second circuit converts the DC input voltage to the
second DC outsput THohéw&eo : i t .volt.age varies. 21. The
power converter of Elain1?Mﬁﬁgwggﬁn%E§h5§%6@§%VQCBWB' MHTSERPE-POE dawan
out put cur FERYESEF the first output. 22. The power converter of Claiml
further including a-protection circuit (22, 24) providing an over-voltage
protection function. ' 23. The power converter of Caiml wherein the first
circuit is ?gapte to receive the AC input.voltage having a range of 90VAC

to 265 VAC. ‘96 13Wmeoveseanverer ofiKdaipolfevhadin terstend afroll @inPrsedRas @it idE,.
second ci r cybdveitsy, adapted to receive- the DC. input voltage having a ra%ge
of I IVDC to 16VDC. 25. The power converter of Claim| further conprising a

heat limtation device (NTC3) Ilimting an Operating tenperature of the
converter (10). 17 | June 2004 DUAL | NPUT AC/ DC PROGRAMVABLE PONER

CONVERTER Abgt r aggt | Cﬁg : onverter 0) having dual
i nputs (12, 14) adggﬁgfgﬂé‘%ﬂg@g?& ve ggtvﬁ]%égﬁﬁt&%ugﬁﬂmfﬁ&eﬁwe dov-pryertg are
sel ect abl e TOChRECIBErisHOpeteting #)the s frequency (80 KEZpUt put (18). The dual

i nput AC/ DC power converter (10) conprises .

18.  The power eonverter of Cldim 1 wherein the first circuit comprises an AC-to-DC flyback
converter adapted to provide the first DC output voltage of between 1SVDC and 24VDC,

19.  The power converter of Claim 18 wherein thie second circuit comprises a DC-to-DC

boost converter adapted to provide the second DC output voltage of between 15VDC and
24VDC. o

20.  The power converter of Claim 1 wherein the second circuit converts the DC input voltage
to the second DC output voltage even when the DC input voltage varfes.

21.  The power converter of Claim 1 wherein the removable program module limits an output
current &t the first output. |

22, The power converter of Claim 1 further including a protection circuit (22, 24) providing
an over-voltage protection function,

23, The power converter of Claim | wherein the first circuit is adapted to receive the AC
input voltage having a range of 90VAC to 265 VAC.,

16
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a power converter circuit (20) having an AC-to-DC converter (22), a

DC-to-DC booster converter (24), a feedback circuit (26), a filter circuit
(25) and a DC-'to-DC buck converter (28). Advantageously, the power
converter (10) resolves many of system nmanagenent probl ens associated with
carrying all of the different interface conponents necessary to power a

w de variety of nobile products fromeither an AC or DC power supply. In
addition, the power converter (10) al so advantageously includes dual

out put voltage t inals (16/18) to al]Jow for nultiple nobile devices of
varying pow_g?' r egﬂﬁ"é‘?&éﬁ?@"gﬁ %@1?3{3\/\35?"@‘361§iﬂiﬁﬁ3§%d@@9@itis,adh;gtecatosrbdfeg\}e&he DC.
converter. MpE pltagethakthg a range of 11VDC to 16VDC,

25.  The power converter of Claim 1 further comprising a heat limitation device (NTC3)
. limifing an operating temperature of the converter (10).
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